Introduction
Tandem occlusion refers to simultaneous proximal extracranial occlusion in conjunction with a downstream intracranial occlusion (terminal internal carotid artery (ICA) or/and middle cerebral artery (MCA)). 1 In a study, the frequency of anterior circulation tandem occlusion was reported as 10.5%. 2 Tandem occlusions complicate the thrombectomy procedure and prolong the duration of intervention. The rate of successful recanalization in tandem occlusion with intravenous tissue plasminogen activator is reported as 5.9%. 2, 3 Good clinical outcomes (mRS 0-2) and high recanalization rates can be achieved by adding mechanical thrombectomy to intravenous tissue plasminogen activator in these cases. 3 The endovascular approach applied to tandem occlusion cases varies from center to center. In some centers, the anterograde approach (balloon angioplasty, stenting and mechanical thrombectomy) is used, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] and in others, a retrograde approach (balloon angioplasty, mechanical thrombectomy and stenting) is used. [16] [17] [18] [19] [20] [21] [22] Unlike other reports, in our study, balloon angioplasty alone was performed to maintain access in occluded extracranial ICA, followed by mechanical thrombectomy of the distal occlusions (terminal ICA, MCA or anterior cerebral artery (ACA)). The decision for extracranial ICA stenting was based on the findings of post-thrombectomy unenhanced control brain computed tomography scans and clinical outcomes. The aim of this study was to discuss the efficacy of this approach for endovascular treatment of tandem occlusions.
Methods

Study design
This was a retrospective study involving the prospectively and consecutively collected data of 15 patients.
We analyzed consecutive patients with acute ischemic stroke due to extracranial ICA occlusion and a concomitant occlusion in either terminal ICA occlusion, MCA or ACA at Ankara Numune Training and Research Hospital from January 2014 to May 2016. Tandem occlusion was demonstrated on admission by cranial computed tomography angiography and confirmed by catheter angiography. In this study, all proximal occlusions were treated by lone balloon angioplasty, and all distal embolic occlusions were treated with mechanical thrombectomy.
This study was approved by the institutional research ethics board.
Patient selection criteria
The inclusion criteria were tandem occlusion within the anterior circulation and age 18-82. Endovascular treatment was performed within 6 h of symptom onset in patients with a National Institutes of Health Stroke Scale score of !6 upon presentation to the emergency department.
Patients were excluded from endovascular stroke treatment if they had minor focal, neurologic deficit with a National Institutes of Health Stroke Scale score of < 6 or if early signs of an advanced infarction (more than one-third of the MCA territory) were present on non-enhanced computed tomography imaging. Patients with intracranial hemorrhage or subdural hematoma were excluded. Also, patients known to have a prestroke score > 2 on the mRS, which could affect the outcome, or tandem occlusions due to dissection or floating thrombus in the ICA were excluded from the analysis.
Eight patients, presenting within 4.5 h from symptom onset and without contraindication to systemic thrombolysis, were immediately treated with intravenous tissue plasminogen activator (iv-tPA) (0.9 mg/kg) before being immediately transferred to the angiography unit. Five patients who presented between 4.5 and 6 h after symptom onset and two patients who had contraindication to systemic thrombolysis did not receive iv-tPA.
Imaging
Cranial Computed tomography was performed on admission to rule out intracerebral hemorrhage (ICH), and cranial computed tomography angiography was performed to determine the site of occlusion and assess the collateral scoring. Control cranial computed tomography scans were acquired 24 h after treatment, and also, if ICH was detected, cranial computed tomography scanning was repeated 7-10 days before stenting.
Symptomatic ICH was defined as clinical deterioration of > 4 points on the National Institutes of Health Stroke Scale score.
Collateral supply was evaluated as absent, poor, moderate or good based on the ratio of the area of parenchyma supplied by collateral circulation to the target territory. 23 
Follow-up clinical assessment
Successful revascularization was defined as posttreatment mTICI score 2b-3. An mRS of 0 to 2 was defined as a good functional outcome. Neurologic evaluation was performed on admission with the National Institutes of Health Stroke Scale. The mRS was assessed by stroke neurologists at 7-10, 30 and 90 days after treatment.
Endovascular procedure
The femoral artery was punctured under local anesthesia and a femoral sheath was placed. The 5 F femoral sheath was changed to a 6 Fr 90 cm guiding sheath (Destination TM , Terumo, Tokyo, Japan) and placed distal to the common carotid artery (CCA). After sheath placement, 40 U/kg heparin was administered. In all cases, a triaxial system was used. The extracranial ICA total occlusion was initially passed with a 0.014 inch micro-guide wire (Hi-torque whisper MS Guide Wire TM , Abbott Vascular, Abbott Park, IL, USA) and pre-dilatation was performed using a 3.0 or 3.5 mm balloon catheter. Control angiography was performed through the guiding sheath to assess ICA patency. If there was a residual re-stenosis, balloon angioplasty was repeated. Once adequate patency was maintained, a distal access catheter (Navien TM Intra Cranial Support Catheter with 0.058 inch distal inner diameter, ev3-Medtronic, Neurovascular, Irvine, California, USA) was advanced to the distal segments of the ICA over a microcatheter (Rebar TM Reinforced Micro Catheter with 0.027 inch distal inner diameter, ev3-Medtronic, Neurovascular, Irvine, California, USA) and hydrophilic guidewire. After placement of the microcatheter distal to the thrombus, the stent retriever (Preset TM , Phenox GmbH, Bochum, Germany or Solitaire FR TM , ev3-Medtronic, Neurovascular, Irvine, California, USA) was advanced through the microcatheter. The microcatheter was then pulled back until the stent retriever was completely unfolded. Afterward, the device was pulled back under negative suction into the distal access catheter, which was placed in the distal ICA.
Extracranial ICA stenting
Carotid stenting was performed in 10 patients within 7-10 days and was performed in two patients within 30 days. A 6 Fr guiding catheter was advanced to the CCA. A distal protection device (Spider device, ev3, Plymouth, MN, USA) was placed in the distal cervical or petrous segment of the ICA. Then, a self-expandable stent was advanced and deployed along the stenosis. Post-dilatation with a balloon catheter was performed in all cases.
Angiographic images of a case example are presented in Figure 1 .
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Dual antiplatelet therapy was initiated with a dose of 75 mg clopidogrel and 100 mg aspirin at least 5 days before stenting in patients with no ICH. In patients with asymptomatic ICH, resorption was confirmed by repeated non-contrast brain computed tomography, and after resorption of ICH, a loading dose of 600 mg clopidogrel plus 300 mg aspirin was administered prior to ICA stenting. Following stent placement, dual antiplatelet therapy was continued as 75 mg of clopidogrel and 100 mg of aspirin daily for 3 months.
Results
Fifteen patients, including 3 women and 12 men, with concomitant extracranial carotid lesions and intracranial embolism (terminal ICA, MCA, anterior cerebral artery), with a mean age of 62.2 AE 11 years (range from 44 to 77 years, median 61 years) were included. The mean National Institutes of Health Stroke Scale score upon admission was 13 AE 4 (range 7-20, median 12). All patients were treated with balloon angioplastyassisted thrombectomy. All carotid occlusions were due to atherosclerotic plaque formation. Proximal revascularization was successful in 100% of cases with balloon angioplasty of ICA origin without urgent stenting.
Successful recanalization occurred in 12 cases (80%) and good clinical outcomes were achieved in 10 patients (66.7%).
Following thrombectomy, asymptomatic ICH was seen in six patients, and symptomatic ICH was seen in one patient.
Extracranial ICA stenting was performed in 10 (66.4%) of the 15 patients. Stenting was performed according to good clinical outcome (mRS 0-2) in 10 patients within 7-10 days and in 2 patients within 30 days. Five patients were not appropriate for extracranial carotid stenting due to high mRS, and in this group one patient died due to symptomatic intracranial hemorrhage 2 days after thrombectomy. No intracranial hemorrhage or cerebral hyperperfusion syndrome occurred after stenting. Table 1 summarizes baseline demographic, clinical and procedural data.
No dissection in the angioplasty performed ICA segment, no ipsilateral recurrent stroke and no ipsilateral cervical carotid reocclusion was seen in the time period between mechanical thrombectomy and extracranial ICA stenting.
Discussion
The mechanical thrombectomy procedure was performed after sufficient patency was obtained by intervention via extracranial ICA occlusion with balloon angioplasty. Following mechanical thrombectomy, stenting of the extracranial internal carotid lesions was performed in cases with mRS 0-2. The rationale for delayed stenting in our study is that stenting was postponed until the patient's good functional outcome and absence of parenchymal hemorrhage were confirmed.
In this way, futile stenting together with development of cerebral hemorrhage or expansion of an existing hemorrhage due to unnecessary antiaggregant use would be prevented. To the best of our knowledge, this report is the first to evaluate this treatment approach.
The number of articles regarding endovascular approaches for the treatment of tandem occlusion has continued to increase over the past few years. Stentassisted mechanical thrombectomy was performed in these reports in two different ways: (i) balloon angioplasty and extracranial ICA stenting followed by mechanical thrombectomy (anterograde approach) [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] or (ii) extracranial ICA stenting (retrograde approach) [16] [17] [18] [19] [20] [21] [22] after balloon angioplasty and mechanical thrombectomy of the distal artery. There is only a limited number of reports in which carotid balloon angioplasty was performed without stenting followed by mechanical thrombectomy in acute phase (there is no data in these reports whether carotid stenting was performed or not), 8, 22, 24 and there is no study in which balloon angioplasty-assisted mechanical thrombectomy was performed initially followed by extracranial carotid stenting in another session.
The rate of successful recanalization of intravenous tissue plasminogen activator is reported as 7%-9% for tandem occlusions. 4, 25, 26 A meta-analysis of mechanical thrombectomy performed using a stent retriever combined with intravenous tissue plasminogen activator reported a successful recanalization rate of 73%-89% 27 (Table 2 ). However, in two studies only, this rate increased to 100%. 11, 14 In the present study, the successful recanalization rate was 73.3% with the combined use of intravenous tissue plasminogen activator in 53.4% of the cases.
In the same meta-analysis, good clinical outcomes were achieved in 33%-55% of cases, 27 and this rate has increased to 85% in more recent publications 12, 14, 18 ( Table 2 ). In our study, good clinical outcome was achieved in 66.7% of the cases. One of the most important factors in achieving a good clinical outcome is the presence of collateral circulation. When cases with mild, moderate and good collateral circulation were included in our cases, we reached good clinical outcomes in 10 patients among 11 TICI 2b or 3 recanalized patients on the 90th day. As we decided to perform stenting based on the results of post-thrombectomy cranial brain computed tomography and functional outcome status, we aimed to prevent futile stenting. Since the leptomeningeal anastomoses are important for viability of the penumbratic target territory, in our opinion, all these patients had well-developed leptomeningeal anastomosis as a result of slowly developing atherosclerotic stenosis of the extracranial ICA. Thus, good clinical outcome was achieved in 66.7% of patients.
In a meta-analysis evaluated by Sivan-Hoffmann et al., 27 acute ICA stenting was performed in 193 of 237 patients and the symptomatic bleeding rate was reported to vary from 8% to 20% (Table 2 ). In a study conducted with a limited number of cases, hemorrhagic complications were not reported, 4 90-day clinical outcome mRS 6 (n (%)) 1 (6.7)
while the
Micro guide wire-related complication (n (%)) 1 (6.7)
Hemorrhage (post-procedure) (n (%)) 5 (33.3) Asymptomatic ICH (n (%)) 4 (26.6) Symptomatic ICH (n (%)) 1 (6.6) Post-stenting hemorrhage 0 NIHSS: National Institutes of Health Stroke Scale.
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Interventional Neuroradiology 23 (4) symptomatic bleeding rate was reported as 22% in another study. 10 Mpotsaris et al. 8 reported that there was no increase in symptomatic bleeding among patients with and without stenting. Interestingly, in a study reported by Lescher et al., 22 no bleeding was observed in the stenting group, while bleeding was reported in 13% of cases in the nonstenting group. Dorado et al. 20 reported significantly lower rates of parenchymal hemorrhage, symptomatic intracranial hemorrhage and mortality in the non-stenting group as compared with the stenting group (33.6%, 2.5% and 5% vs. 45.8%, 20.8% and 16.7%, respectively).
The risk of intracranial hemorrhage was known to be increased in cases that received intravenous thrombolytic treatment before mechanical thrombectomy, which is augmented by the addition of dual antiplatelet treatment. This is one of the most important problems caused by stent-assisted mechanical thrombectomy in tandem occlusion cases. Another problem is that stent thrombosis can develop if dual antiaggregant treatment cannot be continued in cases of symptomatic or asymptomatic intracranial hemorrhage. Dual antiaggregant treatment could safely be started in our cases after control brain computed tomography scans revealed no intracranial hemorrhage on days 7-10. Therefore, we did not experience hemorrhagic problems in our cases. Also, unnecessary stenting could be prevented by considering the patient's status in terms of radiological and clinical outcomes.
Another important problem is the risk of recurrent stroke due to downstream emboli in the period between mechanical thrombectomy and stenting. In our series, we did not observe such embolic problems in this period. In the literature, we found no clinical follow-up information in cases where only balloon angioplastyassisted mechanical thrombectomy was performed without stenting.
In a recent pooled analysis by Johansson et al., they found high risk (11.5% at 14 days) of recurrent ipsilateral ischemic events in symptomatic carotid stenosis patients within the 14-day time period currently recommended for carotid endarterectomy. The reason why we did not experience recurrent ipsilateral ischemic events may be due to either stabilization of the carotid plaque by balloon angioplasty or the small number of cases included in the study. 28 Dorado et al. 20 suggested avoiding urgent stent placement in the extracranial ICA for endovascular treatment of acute tandem occlusion because of the high rate of intracranial hemorrhage due to delayed reperfusion and the use of intra-arterial antithrombotic treatment, whereas Heck and Brown 10 recommended balloon angioplasty to reach the intracranial vessel in cases of tandem occlusion and suggested stenting only for cases where sufficient patency cannot be obtained in the acute setting.
Other disadvantages of stent-assisted mechanical thrombectomy are increased complexity of the endovascular procedure, prolonged recanalization time, and the risk of jailing of instruments among stent struts, especially with the anterograde approach, which can be easily halted with the use of a distal access catheter. Some studies have reported that the recanalization duration was longer in the stenting group, 8, 9, 20 while some studies reported no time delay for cases with stenting. 22 The limitations of this study are; it was performed in a single center, it was non-randomized and retrospective, and included a relatively small number of cases. Another defect of this study is the lack of randomized groups comparing delayed stenting with urgent stenting.
Conclusion
The results of this study demonstrated that balloon angioplasty-assisted mechanical thrombectomy and extracranial stenting in different sessions can be a safer approach for the endovascular treatment of tandem occlusions. With this approach, futile stenting and occurrence of hemorrhagic complications can be avoided.
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